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‘- Report Number WAL 640/90 -
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% | WELDING OF ARMOR B

Sumrary of Bellistic Shock Test Results on :
1/2, 3/8, and 1/t Inch Thick Homogeneous Armor "H" Plates RN
Welded with Austenitic Flectrodes and Tested at SO
Aberdeen Proving Oround during the Period frem : @
1 October 1942 through 31 March 1943 2

OBJECT

To tabulate firing record data for subject plates and to | ®
present a comparigon of bellistic shock performance of plates
made with various meterials and welding procedures.

SUMMARY

1, Data from Aberdeen Proving Ground firing records for
99 welded armor H plates have been tabulated on accompanying
charts and tables.

......

K = 2. Quality of armor plate appeers to be the most significant T
variable for the three thicknesses of plate included in the . .
tabulation. T

3. There is 1i4ttle difference in ballistic shock tes?
N results between plates welded with the manganese and with the ATt Bl
i molybdenum modified type of austenitic electrodes. No signifi- Rk et
cant trends for decreased weld cracking during hallistic test- . ®
ing are apvarent for any of the variations in joint preparation P v

or welding vrocedure.
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INTRODUCTICN

On the accompanying charts (Appendix A) are tabulated data
taken from firing records representing qualification and develop-
ment tests of 99 H plates. The tabulation includes all firing 3
records received by t.is arsenal for E plates assembled from 1/2,
3/8, and 1/4 inch thick homogeneous armor by welding with austenitis
electrodes and fired at Aberdeen Proving Ground during the period
from 1 October 1942 through 31 March 19U3,

Previous reports (WAL 6L0/84 and 640/89) have summariged bel-
listic test results for 1-1/2, 1, and 3/ inch cast and rolled
homogeneous armo: H plates welded with auvstenitic electrodes and
tested at Aberdeen Proving Ground during the same period as that
covered by this report. An earlier report (WAL 640/73) dealt with
1-1/2 and 1 inch thick armor E plates welded with ferritic elec- g B
trodes and tested at Aberdeen Proving Ground prior to 25 February 19U3. Eﬂ'

An index to fabricators, armor manufacturers, and electrode
manufacturers is given in Table I. A summary of btallistic shock
test spescification requirements for H plates welded with austenitic
electrodes and a key to the tabulation methods and symbols ueed in,
this report are included in Appendix A,

GENERAL COMMENTS

Ballistic performance of H plates is best evaluated by amount
of cracking for each rouund, but the cracking is influenzed by the
variables in the ballistic test as well as those introduced by the
materials and welding procedure. The majority of the plates in-
cluded in this tabulation were tested with a 37 mm,, high expiosive,
projectile. This projectile is fired at a velocity which would -
result in a complete penetration of the plate 1f ths high explosive
chargo in the prcjectile did not detonate before this happened. The
use of higher velocitiee permits greater accuracy of firing., The
energy delivered to the plate by the high explosive charge produces
a considerable area of plate deformation without piercing the plate.

Lighter gages of plate are able to bow or deform more on pro-
Jectile impact than 1 inch and heavier plates, so.that the shock
wave 1 probadbly dissipated more generally and the test is therefore
somewhat less critical in showing up certain types of weld defects
than for the heavy plates.

Table II ehows the averago plate and weld cracking in terms of o

variations in the conditions of ballistic testing. If the distance
from the center of the impact to ths center of weld is greater than
1-3/4 inches, the impact is not considered as a fair test of the weld.

In the summary tadles that follow, the number of rounds outside
the specification limit for velocity and location will be listed
under remarks, and should be taken into consideration in comparing
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effects of armor and welding variebles. The effect of including these e T
rounds in the averages is to lower the everage cracking, but since a S
considerable amount of cracking was caused by unfair rounds, and since

the proportion of fair to unfair rounds was approximately the seme for AR
any group of plates, the averages as shown eppear to be suitable for ~—
indicating the more obvious effects of welding materials and procedures W e

on ballistic performance. Cracking within 1/8 inch of the weld is L R

included as weld cracking and the remainder as plats cracking. Inasmuch {:;}iij&
as virgin armor would not ordinarily develop cracking under the same , RN
testing conditions as those used for the H plate, and since develop—- - SRR
ment of plate cracking meterially decreases the severity of the test ®
oa welds, it is necessary to conslder plate cracking in evaluatliug '

performance of welded H plates.

EAND WELIED, 1/2 AND 3/4 INCH THICK ROLLED ARMOR E FLATES

Tables III through XIV show comparisons of average cracking per
round for all the plates included in thic tabulation in terms of weld-
ing fabricator, armor manufacturer end processing, electrode data,
Joint design, welding prceedure, and radiographic soundness.

- Sy e
v - e .
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Fabricators - Tables III and IX

The pefformance of H plates welded by any one fabricator must be
eveluated in terms of armor and electrodes used, as well as the weld-
ing pracedure and inspection control.

Armor Data - Tables IV and X E'L'in

The 1/2 inch plates include both machineable homogeneous and hard
homogenscus armor. Since the two types overlap and a number of the
Plates could qualify as either type, all have been grouped together
for this tadulation.

With the exception of two 3/8 inuch thick, high carbon-manganese
rlates which cracked badly, no correlation is evident between chem-
ical composition of the armor plate and ballistic performance. 4
high ratio of plate to weld cracking for some of the armor types ie
indicative of poor steel quality (cleanliness and directional properties).
Previous tabulations (WAL 6LO/84) have shown that this variable may °
also affect amount of weld cracking. -

Plate and weld cracking tend to incvease with hardness of armor
rlate unless there has been a commensurate improvement in steel quali- :
ty. The Ingersoll Stecl 1/2 inch thick plates are an example of T
relatively good plate performance et high hardness level. °

Electrodes ~ Tables V and I

Piring record éata cn elactrode co=positions and coatings very -;f%?:fG
frequently were incompleto or questioneble. Yhen an elontrode was e :
used on a small number of plates, the average weld cracking may have
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been influenced unduly by other factors. There is little difference
in ballistic performance between plates welded with Mn-Mo modified
(weld enelysis at least 1% Mn and .2% Mo) austenitic electrodes, and
those with Mn modified (weld analysis at least 1% Mn and no Mo)
austenitic electrodes.

Joint Design ~ Tables VI and XII

Double V joint preparation with 60° or 90° included angle appears

superior to singlo V joints with 45° or 60° included angle for 1/2

inch plate, but a single V with 60° included angle is slightly superior
for 3/8 inch plata. Root gap does not appear to be an importent vari-
able for these plates. The use of a copper backup strip eppears ad-
vantageous for 1/2 inch plates, but not for the 3/8 inch plates.

Welding Procedure - Tables VII and XIII

The majority of both groups of plates were welded with 3 passes.
Increase in number of passes for either the single or double V Jjoint
preparation does not correlate with any definite trend in ballistic
yperformance.

The use of a cozbination of weaves and beads with multiple crown
deposit appears more desirable than a full weave technique for the
1/2 inch plates, but a straight weave technique was quite satisfactory
for 3/8 inch thick plates. Nine 1/2 inch plates with a single V bevel
were welded with the first pass deposited from the back of the joint
against a round brass backup bar. The welding of these plates was
then completed from the front. All remaining single V plates employed
a seal bead. Average weld cracking in the ballistic test is slightly
less fer the plates welded with a seal bead.

A prehoat of 250° F. was used durinz welding of 14 of the 1/2
inch thick H plates. All remaining ple.tes wore welded with initial
plate tcmperature between 70° and 110° F. J» improvcment in average
weld cracking is shown for these preheated plates.

Although radiographic unscundness is usually asscciated with in-
crcased weld cracking during the tallistic test, these two groups of
platcs show greater wold cracking for the plates which passed radio-
grarhic inspection th:n for thoee which failed, indicating that other
factors were of greeter importance for these particular plates.

EAND WZLIED, 1/U4 I¥CH THICK ROLLED AR{OR H PLATES

Seven H plates were welded with 1/4 ineh thick rolled homogeneous
armor plate (Charts Nos. 35 - 319). Four of the plates were tcsted with
tho 37 mm. H.E. M-K4 prejectile, and three plates with the 20 mm, H.E.1
MK.1 projectile. A high provostiecn of vplate cracking was developed
during ballistie testing fcr 4ws ¢f the four armor compesitions used,
indicating the importance of stcel quality. No comparison of welding
variables is possidle fer the limited number of platcs. No preheating
was used and all plates passed radiographic inspection.
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TASLE 1

Index to Plates

Hand 'Welded 1/2 Inch Thick H Plates

Chart No. of
Zo. Plates TFabricator Armor lifer. Ilectrode lifer.
1 Dl American Jones & Laughlin licKay
Car & Fdry.
2=3 4  American Great lekes &lloy Rods
Locomotive Youngstown Harnischfeger
Follansbee
U-5 5  Fulck Youngstown Alloy Rods
Greeat Lekes Earnischfeger
6 7 Ford Ford Crucible
Arcos
7 2 General Youngstown Zincoln Zlectric
Hotors Great Lekes {eYay
Jones & Laughlin
g-13 18 Harmon- Great Lokes Velay
Herrington Ingersoll
1L 3 So. Celif. Greet lales Page-Allegheny
Div, of G.M. i.clVay
Kand Welded 3/8 Inch Thick Rolled Fomogensous E Plates
15 1 American cones & Leushlin - ielay
C'c"r & F'i!‘y.
16 2 Buiclk Reputlic Alloy Rocs
17-29 36 Cuevrolet Crevrolet Forge Crucible
Great Lekes Alley Rods
Youngstown Harnicchfeger
Jones & Laugilin Hellay
E.C. atkinn
30 2 Zeere & Co. Stenderd Steel Lineoln Zlectric
Jones & Leughlin Crucidle
® L ® ® ® ® ® ®
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TABLE 1 (cont.)

Chart Yo, of

Yo, Plates Fabricator Armor Nfgr, Tlectrode lifer,

31-35 15 Ford Fora Crucidle
Hollup
Arcos
Page-Allegheny

Hand Welded 1/4 Inch Thick Rolled Homogeneous H Plates

36-37 4 Buiek Youngstown Alloy Rods
Great Lakes Harnischfeger
Jones & Laughlin

38-39 3 Forq Ford Crucidle
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KEY TO TABULATION METHOD AND SYMBOLS

: Tigure 2 is a sample tabulation of firing record data and gives a
- key to symbols and method of tabulation. A briof explanation of the
(. items in the tabulation follows: :

1. Identification of Test

Information in the first column identifies the test.

L 1
%
z %
“
¥
o)
P Sy P S, S «w«‘
° [L

2. Armor Data ‘_:;.‘-j
A. Plate Thickness
Plates in this tabulation are of 1/2, 3/8, and 1/4 inch thick: o
homogeneous armor. £
z; B. Type Armor T e
:' The following types of rolled homogeneous armor are used:
R (Rolled) :
Lr. Typical Analysis " .o
% Type ¢ W St O Mo Mz '
.- I Mn-Ni-Cr-Mo 26 1.1 .20 L60 .20 1.00 B added
' II Mn-Cr-Mo 27 130 .25 .55 W2 S
IIT Mn-Mo 25 1.60 .22 - .37 Grainal Eaba s
IV Mn-Cr-Mo-Si 27 .86 .79 .62 .17 .09 S
V - High Alloy (Compositions noted in tabulation) S
VI  Special " " e " ol
C. Carbon Content S
Carbon content is listed whenever given. » _._
D. Brinell Hardness Number (BHN)
Brirell hardness number on both the front and back of plates
ig tabulated when given. °
E, Process ) '
This refers to the melting practice and is tabulated as open
hearth, electric, basic or acid.
F. HKeat Treatment :‘. .
The temperature, time of hold, and type of quench and draw A g "
are recorded as given.
L




r' ' P ;
" 3. Zlectrode Data { -
! : These data, often incomplete, are listed as given in each firing 1 S

l‘ecO!‘d. 3 i j

4. Type

Since elloys are sometimes added to the coating, electrodes . ORI
are typed according to the chemical analysis of the weld RN
metal when given.

The electrodes are typed as follows:
(1) Austenitic)

1  Mn-Mo Modified 18/8 (Cr-Ni-Fe Alloy) L
Weld Analysis — at least 1% Mn and .3% Mo -‘ °

D 5 DO DROOMGOS -~ IR
A
®
2

I1 Mn Modified 18/8 (Cr-Ni~Fe Alloy)
Weld Analyeis - at least 1% Mn and less than .3% Mo

III Mo Modified 18/8 (Cr-Ni-Fe Alloy)
° Weld Analysis - at least .3% Mo and less than 1% Ma T

IV Special

B. and C. Trade Name and Coating

Trade names and types of coating are listed vhen given. 6 e

D, Current and Polarity

Thesec data are tsbulated as DC straight (str.), DC reversed T'f'l:'-_ :-’:.Il.ﬁ'-:_'.'
frerd or @, 0 e e

4.  Joint Design

A. Groove, etc.

j This item includes the type of groove (Single V dbevel or S
® doudble V bevel), the included angle, and the width of the PY
root face wheanever given.

B. Root Gap
This is the distance between the plates as set up for welding.
.
C. Plate Preparation
This indicates whether the plate edges to be welded together : s
were flame cut, ground, machined, buttered, etc. j;_-;:._ )
. @
- 11 - i
- - ] ] L - ] o ] ] ® ® ® o L

..............................................
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5. Welding Procedure

A. 3Backing

Backing if used, i.e. backup bdar, chill, filler and spacer
strips, is noted.

B. Deposition

Pigure 3 shows how the weld deposition is broken up into the
root, body, and crown types. The size electrode is noted with
the number of passes, tyne of passes, and the current and
voltage. Pagses are divided into two kinds: (1) layer, if
the pass bridges the gap; and (2), bead, if the pass does not
bridge the gap. Seal beads, when used, are noted with size
electrode, current, and voltage.

C. Total Welding Time and Interpass Temmerature

These are listed as given.
D. Remarks
Any comments on chipping, grinding, and other special techniques

used and not noted ebove which affect the ballistic results
are listei under "remarks."

6. Heat

Preheat and nostheat are tabulated when given.

7. Ballistic Results

The type projectile used in testing is specified under the dal-
listic results, Hits, velocity, and location of each, cracking
end remarks on cracking are listed. The types of weld and plate
cracking are as follows:

Type I Cracking in fusion or heat-affected zones on front
and beck of plate.

Type II  Cracking in fusion or heat-effected zones on one
side of vlate and weld metal on the other.

Type III Cracking in weld matal on both front and back of
plate.

Type 1V  Ster plate cracking.

Type V Linear plate cracks.

Tl:e remarks on cracking and results of radiographic examination
are recorded in the lest column.

- iii -

................
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SPECIFICATION REQUIEBENTS JOR "H WELIED PLATES | s

The following extracts from Specification AXS-U97, Rev. 3, deseribe .+ ...~

the present ballistic shock test: s
;| @

D

Paragreph F~3a. (2) "Shock Tests. The welded plate shown in
Fig. 1 shall be tested as shown below. Fig. 1 shows the areas desig- R
nated for shock impacts. For the purpose of description these are ‘ L
divided in four ‘specified areas' one above and one below the crossber e g
on each of the two verticel leg welds. Aiming points are indicated :_ -
1n ?160 1- °

"If the first round falls outside of the one of the four specified
areas, another round shall be fired at a second specified area. If the
second impact falls outside of the specifisd area and no cracking occurs
in the weld, another round will be fired at a third specified area.
This shall be continued until an impact is obtained within one of the i e
four specified arees, but no more than four rounds will be fired at one -
plate. If the plate withstands all four rounds, all of which fall
outside the specified areas, and the weld is not cracked, the plate °
will be coneldered accepteble.

[ o
BAILISTIC SEOCK TEST* '
Allowable 4
Distance,
Plate Striking Center of Maximum Allowabdle 1
Thick- Velocity 1impact to Cracking e
ness Type  Projectile £/s centerofweld  Weld  Plate ~ B
1/2" R.E. 37 mm. H.E. M54 2600 1-3/4" 12" S I
3/8" R.H. 37 om H.E. M54 2100 1-3/u 15" 6" e
1/un R.E. 37 mm. H.E. M54 1700 1-3/u" - - e .
1/un RH. 20 mm.H.Z.1 MK.1 1675 1/2" — Co-
* Specifications in a development stage during the period in which .'.{;:-;f
plates were tested.
- s
B '
Ce

—iv-



WELD SEQUENCE:
ab, cd, fe.

DIRECTION OF ROLLING
36"

12" —

QUALIFICATION SHOCK TEST PLATE

Lsu.n_sﬂo-l

i .'.. -
§ '...._.-
<L ..'_'.

TRaCe

=
3

;

;

* INTENDED AIMING POINTS
FIG. |

..........



l
1
L
m H . n..t-
. 4 | ﬂqL- ao VIVa! QIOOT TMIMIJ 30 NOIIVIDEVL WO JMVHO FIIRVS °g MLOId A
N ! o
iy m B
L \lt
HE S _.-!— yous Jeyje Surddiny °g el
e — H — ~ l§ e SI0m 30U === ) --«\-‘\-
{ : £5 - 008 QB 91/t S
: SS - 022 Q2 /I II ¢
..ﬁw, ! _ ) SS - 028 v /1 ; ‘ D
ayerd Jo aawg wo .t oy £ - 008 W1 SO/t i - g BIog °4 IR A
$OT st Jaddm .utdﬂ;.“ﬁ I a i €6 -~ 0BT ®1 .2¢2/S _ ~=~ °3; Jomry dnTioR °X XASD
$MAeweo uy preagd (IT |dwy IS5 X, OOl € oS -OIl ®T ,8/1 1°¢ i — g —-cq - w4 °g vess
ayedaz lvoisng : S T I €5 - 09T o1 ,2¢/5 I °T , - *p - *D L8° °9j ol-a °0 Fote el
N[BT Jo waly Pt b e i o euoneg . ,aBE/5 g’ polosiy °g m.u ‘g ev/cz/e 8 B
qderfotres pessedfS i1 ilﬁ &1 3 8ol Tleuoyey ~ Y L A,0 "AGLSY Y] IIITY °Y, o$2/1-1 Jm gz—gv v £
: : ] 3 ! H 1 : : .ty
! ez o Loﬁm DETHII NISQUIEY MOYS VIWG 40 ......\Tinﬁn F1IAVS ~~FIRAVXT | i .....
. N ! i
! i ) ; dup ooy | 1 s1a30912 | | OO
: | : ’ [ PIOv - "0IT3"Y S
: i : i H OTIIOITI ; R
) : i pIseq ~ 3913°¢
i . “ qreay wado w.\... -
b 3] _ tfh. i : PIO¥ ~ “g°Q°Y B,
~ red - NI yIvay ualo [N
: A : o16%q ~ °H°0°8@ 100
; ayduy : L
W ¢1 adyaa; - mwuuoTo #° safy ) pepnouy | (Teroeds) A S
| i _ﬂo by | W Mo% K ?uunnu.vsmm | LI
OR-12 fefele
dimotny do wpas dut ¥ Lcﬁu: ..~o (257 » 3t (ix I
i Ipeduy deg -OX~I3-UR) T [ SAS
ySgoayy 10, oy - dmy qo0y gotitaaag) 4 (15%3) 2 N
-o"on a 1} §e102d5) AT | (TPT2345) TA | e
aa n 7 AM) {881 “ton (£o1 A
! preajuo n_x . Y _%983} oMy III | ~T¥ UPIQ) A e
[ U Se S i ooy (8-81 . (1s NS
: 3P AawPy uum - PN ug) II |-om~10~UR) AT e
1apo0 - = {s-e1 “vom {ox-"T) 111 | IO
JeQESOfy - B) £ o814 £q pajeaIsnITy .- Ox~uR) 1 {{OX~I3-UR) Il - SRS
21 1™~ uoryteodep jo sadAy .o 18uy (*11 (o *pI023X mMshu .
Y Y39~ H pveq TReB --gs papuyour ~juassny) v | ~xo-Ix~cH) I Ul UsAT® jcU el
wipoes'aadijany -~ ofq waq - q ) X5 PeTIOE) ¥ |UOTIFTRIOIU] INGY el
TH H 29fey - @ Ad) A dIQnog SPOI199 1R 1 LRIy 83IWOTPUY o v, CL
! | _ TI0@S 01 X3X
m AW ALL
SOW MELM S BRLL MG IBA TIIOL @
BdAl BAOWD T
AL 20063 L
AL 2008 1 N
uv.mﬁﬁr.ﬂ T TS NOLLNOSIS 8 E
T RIS RN ul-.k._umw.g dﬂ“ﬁqm th“ [] ..U.muu NANOVS ¥ » .
A - v ~Sai1E5563 TR | 0




x‘x‘rT\"-r..
Se P R

."'.m‘

ROOT e
g A TYPE I TYPE IT s
DOUBLE Qe
v S
BEVEL
- ETC. N
SINGLE ROOT BEAD MORE THAN ONE BEAD AT ROOT
AT CENTER OF ROOT
SINGLE
v
BEVEL enaniee
ETC. A
SINGLE BEAD BRIDGING MORE THAN ONE BEAD BRIDGING el
ROOT GAP ROOT GAP
e _J .. e
BOOY | TYPEL |TYPE IT |TYPE IIL | TYPELIX [TYPEX |
DOUBLE e
v ERES
BEVEL § ﬁ Ei UNIONMELT | SPECIAL | ciilo-:
LAYERS Ly
LAYERS ONLY|BEADS ONLY | =T s S :
SINGLE ST
v FaRLe
BEVEL S
UNIONMELT | SPECIAL
Lo O
LAY ONLY|BEADS ONLY| LAYERS ol i
| = & BEADS s
CROWN ..
S SEGl TYPE T TYPE II TYPE IO e
loouvan.s 1254 L
ASINGLE <2 "2 "3
v ..
BEVEL ETC.
SINGLE CROWN | MULTIPLE CROWN MULTIPLE CROWN 3
SINGLE PASS LAST BEAD TOUCHES  LAST BEAD DOES NOT x
BRIDGES GAP | PARENT METAL TOUGH PARENT METAL :

FIG 3

WELD METAL DEPOSITION TYPES
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